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Figure 1. The effect of cachexia and physical exercise on the GLUT4 activation pathways.* 

ation-indu c ed TNF blocks activi t y of the insulin-activa te d JR. Physical e xc r cise^su p p r cssion oi 
inflamnI&tei3t£esponses (induced IL-10, IL-lra, sTNF-rl,2) may block the synthesis/release op3^JPtfiereby 
attenuating produdtreaijfinsulm^ Activation of the GLUT4 pathways through-efJfi^iced NO, cGMP, 

5-AMP-PK activity, GLUT4^^^ PI-3 kinase activity, and GLUT4 ha^loe^cfionby physical exercise 
will enhance insulin sensitivity ancTpSssifelfiDrevent or reverse cach§xia*£ssociated insulin resistance. 

♦Because no single experiment has addressed allcpD^S^^ts^&e illustrated molecular pathways, the 
interactions illustrated in Figures 1 througix^-afea composite of ma&y4a^vivo and in vitro experiments 
involving many cell types (see tejt)<Tliese hypothetical constructs UlustrateTlow<e$ercise might be able to 
attenuate cancer- or cac^ettf : associated fatigue by activating GLUT4 translocation mrStigbjion-insulin 
pathways, by ephanfing PI3-K and GLUT4 synthesis, and by activating protein synthesis via CzfH-^aiici 
ROS^pediSfedactivation of the MAPK and JNK-MAPK pathways. Exercise also may decrease inflammal 
iponooo through enhanced production of sTNF - rl» sTNF-r2, IL - 10, and IL - lrai 
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Figure 2. Insulin-mediated activation of the MAPK pathway of transcription activation. 
ftnth thr nnthM tr ri TPS 1.? (thnmtf n acti vated JAIC2) aud the PDK-1.3,4,5TT tuj 
SOSGrb-2 complex which in turn activates rn" of thi MAM, pgffiway; resetting in 1 1 
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Figure 3. Growth-hormone (GH)-mediated activation of the MAPK pathway of transcription 
activation. The ac t u ated gEflg t h hormone roccptor (GR) activates JAK2 whioh m e diatoo th e a gj 
of ras via the SOSGxb-2 complex. Activat ed GR a L>ojiliUiUhii'^ H»< " 1' >W t^fCa^Tnto the c ytosol 
(via DAG) w hich activ ntn Hf r PlffHrrnTrn nrtivntn rnt of the MAPK pathway; activanoi 
is id enhanced protein s ynthes i s . 
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Figure 4. Interactive effects of physical exercise, insulin, and growth hormone on activation of the 
S APK and MAPK pathways of transcription activation. 

activated by physical e xorcis e through enhanced Ca~ and ROS as well as by growthh 
throughl)AG7Ca~r^^ SAPK and MAPK pathwa^^ and raf, 

respectively. By enhancing insulin sens!Hvi!y"ai^ independently if insulin and 

growth hormone, physical exerciseshould-greatly^hance ratesofprofeiffsyiri^^ 
by insulin or o^wth-hoiTOOiiralone; resulting in an attenuation of prevention of cachexia-associatei 
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Figure 5. The effect of acute running exercise on Jun content of lung nuclei from rats. 

for 60 minutes and 3 rats kill e d at each time period of 0, 15, 30, 6 0, 9 0, 
and 300 minutes from the start onfiTexeroseHb ung nuc lei^gggygQjhgj^^ 
antibody in a western blot procedure^JI^gJ^^ 

region of the_blotathi©h4nch^ protein was then printed using an 

printer at highest r e Sft 1liriia "~ 



